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Abstract
In the Cal oosahatchee Estuary, establishing a suitable salinity
environment is the nost basic prerequisite for pronpting estuarine
biota in this system The South Florida Water Managenent District has
adopted a resource-based research strategy with the intent of
prescribing an acceptable freshwater discharge distribution within
the salinity tol erance range of key estuarine species. To test this
approach, submerged aquatic vegetation were selected as key species.
This paper presents prelimnary results and recommends a provi sional
i nflow distribution.

I nt roduction
The Cal oosahatchee River (canal C-43) and estuary (Figure 1) have
been drastically altered to convey nore basin runoff and regul atory
rel eases from Lake Okeechobee (Chanberl ain and Doering, this
proceedi ngs). These changes have caused | arge fluctuations in:
freshwater inflow volune; frequency of inflow events; timng of
di scharges; and water quality in the downstream estuary. Therefore,
the South Florida Water Managenent District (SFWWD) initiated a | ong-
termresearch programin 1985 to quantify the inpacts of freshwater
inflow from Franklin Lock and Dam (structure S-79) on downstream
estuarine organi sns. Chanberlain and Doering (this proceedi ngs)
descri bed the resource-based nanagenent approach of this program and
explained that it seeks to define limts for freshwater inflow which
provide a suitable salinity and water quality environnent for key
species. To test this research strategy, submerged vascul ar plants
have been sel ected as key species.

One aspect of the estuarine research has been field nonitoring of
water quality and biota during a wi de range of discharge events. The
purpose of this paper is to report prelimnary results of the

rel ati onship between freshwater inflow, salinity, subnerged aquatic
vegetation (SAV), and other estuarine species. These results are
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based on analysis of field nonitoring efforts, in order to: (1)
establish provisional limts for the quantity of freshwater

di scharged to the estuary via S-79, and (2) exam ne one of the major
assunptions of the resource-based approach: that environnental
conditions suitable for key species also will be suitable for other
i nportant biota.

Met hods
A conputational salinity nodel devel oped by Bierman (1993) for the
Cal oosahat chee Estuary (CE) was enployed to mathematically define the
i nfl uence of various freshwater inflows on salinity at every 2
kil ometers upstream from Shell Point to S-79. Mddeling results
conpared freshwater inflow influence on the preferred salinity and
di stribution of SAV and other biota, which were determned fromfield
sanpling and the literature. The nodel also determ ned that salinity
downstream to Shell Point is dependent (97% on inflow fromS-79 and
that during average inflow conditions (~ 1,000 cfs) the hydraulic
residence tinme averages about one nonth. Therefore, for this report,
freshwater discharge to the estuary is considered in ternms of nean
monthly inflow from S-79

Fi el d observations of Vallisneria anmericana by Hoffacker (1994), the
aut hors of this paper, and others (Gunter and Hall 1962, Phillips and
Springer 1960), served to establish a qualitative abundance index for

conparison with salinity at the tinme of the observation. Information
from Hof facker (1994) and the SFWWD were conbined to produce a map of
SAV di stribution upstream of Shell Point (Figure 2).

Mont hly water quality and biota sanple collections occurred in three
phases: phase 1 ran from 1986 into 1989 when S-79 inflows were
usual ly low to noderate; phase 2 was conducted during 1994-1996 when
di scharges were often large; and two follow up sanmpling trips (phase
3) to evaluate seagrass recovery were conducted in 1997. Sanpling
centered around seven locations in phase 1 (Figure 2), areas 1-6 in
phase 2, and only location 6 in 1997.

Repetitive random sanpl es of the seagrasses, Hal odule wightii and

Thal assi a testudinum were collected at |ocations 5-7 during phase 1
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and area 6 in the remaining two phases. For this report, only the
phot osynthetic bl ades that were collected within 0.1 fhquadr at
sanpl es, then dried and wei ghed were anal yzed (dry wei ght bionass).

For this prelimnary analysis, the effects of freshwater discharge on
zoopl ankt on, ichthyopl ankt on, and benthic macroi nvertebrates were
eval uated using the data obtained during phase 1 of the SFWWD field
monitoring. All data that were not normally distributed were
logarithmcally transformed. The biota from each station were
separated into flow categories (factor levels). A sinple one-factor
anal ysis of variance (ANOVA) was calculated to test for statistica

di fference between the nean nonthly inflow categories (p<0.05). A

hi erarchy evaluation (Scheffe nmultiple range test) for nean density
bet ween infl ow categories was perfornmed to determ ne which inflow

| evel s were associated with significantly nore or | ess biota. Because
adult finfish, crabs, and shrinp were not sanpled, we relied on
literature information fromthe CE and other Florida estuaries to
estimate desired inflow conditions for these biota.

Resul ts and Di scussi on
Salinity and Freshwater |nflow
The salinity nodel results (Bierman 1993) indicate that nore than
hal f the estuary upstream of Shell Point will becone nearly
freshwater and salinity will be reduced drastically downstream duri ng
even noderate nean nonthly di scharges of 2,000 cfs (Figure 3).
Infl ows greater than 4,000 cfs will cause npbst of the estuary
upstream of Shell Point to becone freshwater and depress salinity
(<15 ppt)in portions of San Carlos Bay. At the other extrene,
prol onged low to no flow (<100 cfs) results in salinity conditions
near S-79 that exceed 15 ppt: elimnating any tidal freshwater or
ol i gohaline zone within the estuary.

V. anericana longitudinal distribution is about 18 kmduring idea
growi ng conditions and stretches fromits upstreamlimt at 32 km as
measured from Shell Point, to its downstreaml|limt at 14 km (Fi gure
2). Based on this distribution, we estimted that over 80% of the
total area covered by noderate to dense stands of V. anericana under
favorable growing conditions are in the first 4 km (28-32) of its
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upstreamlimt.

Literature information indicates that V. anericana growth steadily
declines with increasing salinity until it ceases at approximtely 8-
9 ppt, but it can tolerate salinity (survive) up to 11-13 ppt (Day et
al. 1989, Twilley and Barko 1990). The qualitative information
assenbl ed from observations in the CE (Figure 4) is consistent with
these limts and indicates that density declines where salinity is
above 10 ppt. A simlar plot of biomass vs. tenperature reveals no
trend, suggesting little influence of tenperature onV. anericana
distribution in this system

Enpl oyi ng the results of the nodel by Bierman (1993: Figure 3), it
appears that at |east a 300 cfs nean nonthly discharge fromS-79 is
required to maintain V. anericana in the system Analysis of

hi storical S-79 discharges determ ned that attaining the 300 cfs
mnimuminflow will be a concern only during the Novenber-My dry
season. Therefore augnentati on of flow should be considered during
this time. Discharges that approach 400-500 cfs will provide salinity
conditions of < 10 ppt within the portion of the estuary that support
nmost of the total V. anericana coverage. To provide salinity
conducive for V. anericana throughout its entire 18 kmrange w ||
requi re nmean nonthly di scharges of approxi mately 800 cfs.

H wightii is the only seagrass species consistently found around
station 5, upstream of Shell Point, until it m xes downstreamw thT.
testudinumin San Carlos Bay (Figures 5a and b). H wightii has a
much smal l er distribution upstream of Shell Point thanV. anericana.
It ranges only from 2-10 km upstream of Shell Pt., with the greatest
coverage per 2-km segnent within the 4-6 km area.

H wightii is reported to have a wide salinity tolerance by MMhan
(1968). It does not survive below 3.5 ppt and prefers salinity as
hi gh as 44 ppt. This wide tolerance is probably why it is the only
true seagrass species encountered inside the CE at station 5,

al t hough hi gh discharges probably limt its productivity. The | owest
bi omass occurs inside the estuary where salinity is also | owest and
nmost variable. Graphically and statistically, biomass of H wighti
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is greater when salinity is above 20 ppt (Figure 6). Statistically,
t he greatest biomass occurs when salinity is > 28 ppt.

Literature summari zed by Zieman and Zi eman (1989) indicates that the
optimumsalinity range for T. testudinumis 24-35 ppt, w th maxi mum
phot osynthetic activity occurring at 35 ppt and decreasing linearly
with declining salinity. T. testudi numdoes not normally grow in
areas where salinity is below 17 ppt. These literature values are
consistent with prelimnary nmonitoring results for the CE (Figure
5b). T. testudi numdoes not exist inside the estuary (in Iona Cove:
area 5), where salinity during sanpling was nore variable, with a
standard devi ation that extended bel ow 20 ppt due to |ong periods
bel ow 10 ppt. Like H wightii, the biomass of T. testudi numis
statistically greater when salinity is above 20 ppt, regardl ess of
season.

According to the Bierman nodel and statistical analysis, the 400-500
cfs needed to support over 80% of theV. anericana, will not |ower
salinity below that preferred by H wightii (>20 ppt) anywhere in
its current range. Salinity begins to approach the reported nortality
limt of H wightii (3.5 ppt) in area 5 when average di scharges
approach 3,000 cfs for nore than a nonth. BothH wightii and T.

t estudi num bi omass are statistically greatest throughout their
respective distributions when nmean nonthly inflowis |ess than about
800 cfs for nore than two nonths. In San Carl os Bay, nmean nonthly
inflows > 4,500 for two or nore nonths are statistically associ ated
with the | east biomass for both species.

Fi nfish

At | east 75% of Florida's recreational fishes depend on estuaries for
at least a portion of their life. The nost inportant role of
estuarine systens is as a nursery area for juvenile stages (Seaman
1988). In the upper CE, Gunter and Hall (1962) reported the greatest
catches in seines consisted of juveniles, during mdw nter inflows
that reduced salinity in the inner estuary to 1-5 ppt (station 2
area). Seine catches in the outside water (San Carlos Bay area) were
greatest when salinity was high. Therefore, establishment of a
mnimuminflow for V. anericana should generally benefit the finfish
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of the estuary by providing a salinity gradient that includes desired
low salinity conditions upstream for juveniles. Mintenance of this
m nimum flow i s apparently nost critical during the winter dry
season. However, year round high maximuminflow limts that maintain
salinity downstream of Shell Point al so appear beneficial.

Bay anchovy (Anchoa mtchilli) juveniles and adults were the third
nmost abundant fish collected by Gunter and Hall (1962), with 94% of
the fish caught upstream of Shell Point. Mst of the juveniles they
caught were fromnear zero salinity water at stations close toV.
aneri cana beds at Beautiful Island and the Ft. Myers bridges. This is
consistent with Jones et al. (1978), who reported that juveniles
often ascend rivers above brackish waters. Therefore, inflows within
t he opti mum range for SAV (300-800 cfs) should not adversely inpact
bay anchovi es, and shoul d provide better conditions for their

devel opment and food production.

Redfi sh (Sci aenops ocellata) are an inportant gane fish in Florida.
Spawni ng occurs seaward of estuary passes during |ate sumer and
fall. Seaman (1988) reported that seagrass neadows are primary
habitat for young redfish. Once in the estuary, juveniles feed on
bent hic organi sms from October to February and |later on small fish
and shrinp. Collections of redfish in the CE (Phillips and Springer
1960; Gunter and Hall 1962) were al nost exclusively inside the
estuary with salinity ranging fromO0.2-14 ppt. Therefore, pronoting
dry season inflows conducive for SAV also will provide salinity and
habitat for redfish recruitnment and devel opnent.

| cht hyopl ankt on

Anchoa spp. conprised 76% of the SFWWD i cht hyopl ankt on sanpl es during
1986- 1989 (unpublished data). The greatest density occurred during
April-July, followed by the period of Decenber through March. During
the dry season, when inflows will need to be augnmented for V.
anericana, high inflows > 2,500 cfs were associated with the | owest
mean i cht hyopl ankt on density, regardless of |ocation in the estuary.
Mean density within the flow category of 300-600 cfs were at | east
the second highest at all stations, and therefore represented the
opti mum overall flow category.
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The presence of devel oping fish eggs provides a good indication of
the spawning | ocation and recruitnent success of fish in an estuary.
Statistical analysis of eggs within ichthyoplankton sanples during
the dry season found significant differences existed anong inflow
categories: inflows in the range of 150-600 cfs were associated with
the hi ghest nean egg density at stations 1-4; and density decreased
as inflows increased above this category. In fact, no eggs were ever
collected during this season at stations 1-5 when inflows were >
2,500 cfs and substantially fewer eggs were collected at station 6.
Reduced egg density during high inflows are assunmed to be related to
a 'flush-out' effect, so simlar inpacts probably exist during the
wet season

Zoopl ankt on

Zoopl ankt on provide a crucial link in the estuarine food web when
they consunme free-floating mcroscopic plants (phytopl ankton) and
transfer plant energy to higher trophic |evels. Dom nant forage
fi shes such as bay anchovy, as well as juvenile stages of nost
estuarine fish species, depend on zoopl ankton as a food source.

Wt hin each season, nean zoopl ankton density increased with
increasing salinity and distance fromS-79. In general, zoopl ankton
density was greatest during April-July. Collections during this tine
peri od appeared sensitive to high flows. Inflows greater than 1,500
cfs resulted in the | owest nmean density at all stations. Eval uation
of dry season inflow (Novenber-My) reveal ed significant | ower
density with flows > 1,200 cfs. Zoopl ankton nean density associ at ed
with inflows between 300-600 cfs were consistently anong the greatest
encountered at each station.

I nvertebrates

In the Little Manatee River (southwest Florida), Peebles and Fl annery
(1992) reported that transfer of the estuarys food source to juvenile
fish appeared to occur largely through their feeding on benthic
organic material. Therefore, the density of benthic organi snms can
strongly influence the survival of many higher trophic species. The



SFWVD bent hi ¢ macroi nvertebrate survey (unpublished data) found that
the CE supports a | arge number of species (519). The mpjority of
these are sessile and can't relocate to a nore favorable |ocation
when water quality deteriorates. CE inflows within the optinmum range
for V. anericana appear conducive for supporting a w de range of
benthic infauna. Statistical analysis of dry season data indicate

t hat peak benthic macroinvertebrate density at stations 1-4 was
associated with inflows (150-600 cfs) that establish salinity in
approxi mately the nmesohaline range (5-18 ppt). This sane prelimnary
anal ysis also indicated that nean nonthly di scharges > 3,000 cfs are
associated with the | owest densities at stations 1-4.

Penaei d shrinp probably represent the nost econom cally inportant
fishery in Florida (Seaman 1988). Mating and spawni ng occurs offshore
and the postlarvae mgrate into the estuary and seek shall ow areas

wi th vegetation and/ or abundance of organic detritus. The |oss of SAV
directly reduces fishery yields (Seaman 1988). Gunter and Hall (1962)
i ndi cated pink shrinp (Penaeus duorarun) were common in seine and net
sanples in the CE. Haunert (1987) reported pink shrinp abundance

i ncreased after inflows increased in the St. Lucie Estuary, but
decreased when inflows caused salinity to decline to oligohaline
conditions (< 5 ppt), which are not tolerated well by pink shrinp
(McFarland and Lee 1963; Gunter et al. 1964). Therefore, in the CE,

m ni mrum and maxi mum inflows that pronote SAV at both the inner
estuary and the lona Cove-San Carl os Bay regions should provide idea
salinity for pink shrinmp and support bottom vegetati on habit at

i nportant for postlarvae devel opnent.

The CE supports a year-round comrercial and sport fishery for blue
crabs (Callinectes sapidus). This species also is an inportant source
of food for many fish. The first devel opnment stages are pl anktonic,
whi ch prefer 30 ppt and will perish if exposed to salinity < 20 ppt
(MIlikin and WIllianms 1984). After settling out of the plankton,
each subsequent juvenile phase of both sexes is concentrated in
progressively lower salinity because of their continuing mgration up
the estuary (MIIlikin and WIllianms 1984). Juvenile and adult blue
crabs al so occur in nuch higher densities in areas covered by
vegetation. Therefore, inflows in the range of 300-800 will be




beneficial for blue crabs because of their salinity requirenents
t hroughout the CE, as well as the SAV habitat that these fl ows
pronmote in both the inner and outer estuary.

Esti mate of optinmum inflow

Table 1 recomends provisional inflow ranges and timng for

mai ntai ning the health of the inportant taxa di scussed above and
others. The prelimnary analysis suggests that a m nimum i nfl ow of
300 cfs for V. anericana during the dry season will not be harnful

but inflows greater than about 2,500-3,000 cfs nay be detrinmental to
ot her biota anytine of the year. Therefore, a distribution of inflows
that has the greatest frequency range from 300 to <1,500 cfs, with a
peak of 300-800 cfs, should be generally beneficial to all the biota
eval uat ed.

Beyond identifying the optimal timng and distribution of inflow we
al so nust consider that freshwater inflow varies naturally as a

function of rainfall. Inclusion of this natural variation is
inportant to insuring a diverse conposition of estuarine biota.
Utimtely, this will nean a defined percent of violations should be

al l owed for both the high and | ow discharge limts As a first

attenpt to define this environnentally sensitive distribution of S-79
di scharges, a optim zation program (conputer nodel) was enpl oyed
(Labadie 1995, Orero et al. 1995). The programutilized historic
wat er shed runoff data during 1966-1990 (w thout Lake Okeechobee

rel eases). The desired inflow ranges (limts for the biota) are input
vari ables to the nodel, along with the natural periodicity of

viol ati ons of the upper and lower limts (estimted fromthe 1966-
1990 historic data). For the Cal oosahatchee Estuary, 20.5% violation
of the lower limt and 5.5% violations of the upper limt created
inflows that erul ated the natural variability established from
rainfall during 1966-1990. In addition to natural variation, the
resulting frequency distribution generated by the nodel (Table 2)
reveals that: (1) the appropriate inflowlimts were attained (300-
2,800 cfs); and (2) the greatest frequency of inflows were within the
range from 300-1300 cfs, with a peak of inflows between 300-800 cfs.



The above-recommended optimum flow distribution is provisional, based
on the data currently evaluated, prelimnary nodel results, and our

best professional judgenment. A final distribution will be established
after a better understanding of the salinity tol erances of seagrass
and other species is determned. This will be acconplished by:

conducting a nore detail ed evaluation of the field data than provided
in this sunmary; and conpleting field and | ab experinments, which have
al ready begun.
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